29 Probiotics have become increasingly popular in poultry industry as a promising nutritional 30 intervention to promote modulation of intestinal microbiota as a means of improving health and 31 performance. This study aimed to determine the effects of different probiotic formulations on the 32 cecal microbial communities and performance in 21 and 42 day-old-broilers, as well as to define 33 associations between ceca microbial profile and growth parameters. Probiotics investigated 34 included a synbiotic (SYNBIO), a yeast-based probiotic (YEAST), and three single-strain 35 formulations of spore-forming Bacillus amyloliquefaciens (SINGLE1), B. subtilis (SINGLE2) 36 and B. licheniformis (SINGLE3). Dietary inclusion of SYNBIO, YEAST, and SINGLE2 37 increased body weight (BW) by 7, 14, and 21d (p<0.05) compared to a basal diet without 38 probiotics (CON). The treatments SYNBIO, and YEAST decreased mortality by 21d, while 39 SYNBIO reduced the overall mortality rate by 42d (p<0.05). Bifidobacteriales had the highest 40 (p<0.05) population in SINGLE2, whereas Clostridiales was reduced compared to CON, 41 SINGLE1, and SINGLE3. The addition of SYNBIO into diet mainly stimulated (p<0.05) the 42 cecal relative abundance of Lactobacillales by 21d. Besides, Spearman's correlation analyses 43 revealed that population of Lactobacillales was associated with lower Enterobacteriales, higher 44 BW, and lower mortality of growing broilers. These results suggest that the modulation of ceca 45 microbiota and the greatest productive parameters were achieved by supplementation of specific 46 probiotic mixture. The selection of probiotics by their ability to drive cecal microbiota towards 47 lactic acid bacteria colonization may be a strategic approach to improve the indicators of 48 performance in broilers. 49 3 50 51 Introduction 52 Worldwide, the decreased percentage of chickens treated with sub-therapeutic levels of 53 antibiotics has attracted attention towards a better understanding of dietary alternatives as growth 54 and health promoters. Among them, probiotics have been indicated as a promising nutritional 55 intervention to manipulate the avian microbiome [1-4]. Beneficial bacteria colonization of 56 intestinal microbiota is essential for favoring host growth and performance, while an unfavorable 57 alteration of the commensal structure may promote enteric infections, thereby deteriorating 58 welfare and the performance indicators of poultry production [5]. 59 Probiotics have become increasingly popular across human medicine and livestock 60 industry due to the following benefits in the host: stimulation of beneficial microbiota, reduction, 61 and prevention of pathogen colonization, development of immune system, improvement in 62 digestive efficiency, and maturation of intestinal microbiota [3,5-9]. Although several bacterial 63 species and yeasts have been described as potential probiotic for broiler chickens; Bacillus, 64 Lactobacillus, Enterococcus, Bifidobacterium, Pediococcus, and Escherichia are the most 65 common bacterial genera used for probiotic formulations, whereas Saccharomyces cerevisiae is 66 the most common yeast [5,7]. Some of the factors that have been claimed to be responsible for 67 probiotic's efficiency include the microbial viability in the gastrointestinal tract (GIT), the ability 68 to adhere to epithelial cells and colonize the host GIT, capability to reproduce itself in the host, 69 and production of metabolites [9,10]. 70 However, there have been inconsistencies concerning the effectiveness of probiotic 71 supplementation in shaping GIT microbial communities and promoting growth. Accordingly, a 4 72 comprehension of how the microbiota profile modulated by probiotics affect the host phenotype 73 is still needed. Therefore, the primary aim of this study was to determine the effects of different 74 probiotic formulations on the cecal microbial communities and performance, as well as to define 75 associations between ceca microbial profile and growth parameters of broiler chickens. 76 Material and methods 77 Experimental design and dietary treatments 78 A total of 720 one-day-old Ross 708 male chicks were allocated to 6 treatments in a 79 completely randomized design. Eight replicates were assigned to each of the treatments with 15 80 birds per replicate. Treatments were based on supplemental diets including (1) basal diet without 81 probiotics (CON); (2) Synbiotic (0.45 g/Kg ; SYNBIO); (3) Yeast-based probiotic (1.12 g/Kg; 82 YEAST); (4) Single-strain probiotic 1 (0.45 g/Kg; SINGLE1); (5) Single-strain probiotic 2 (0.27 83 g/Kg; SINGLE2) or (6) Single-strain probiotic 3 (0.45 g/Kg; SINGLE3).
157
In addition, broilers fed SYNBIO were heavier (p<0.05) than CON and SINGLE1 on day 158 28. By 35d and 42d, no significant differences were found in BW when compared against CON.
159 Supplementation of probiotics in the diet increased (p<0.05) FI during d1-7 ( Fig 1) . However, 160 there was no significant difference in FI between probiotic treatments and CON during all growth 206 Dietary treatments had minimal effects on cecal microbiota by 42 days of age. It may be 207 noted that the Tenericutes population was increased in YEAST, SINGLE1, SINGLE2, and 208 SINGLE3 (p<0.05). Besides, SINGLE2 had a lower abundance of Actinobacteria than 209 SINGLE3, but no differences compared to CON were observed ( Fig 2B) 210 211 Correlation between microbiota composition and performance 212 parameters 213 To further analyze the associations between cecal microbiome and host performance 214 parameters, we conducted Spearman's correlation linking the four discrepant order-level 215 microbial taxa, BW, and mortality by 21 and 42 days of age. The Spearman's rank correlation 216 showed that abundances of Lactobacillales were negatively associated with Clostridiales by 21 217 days of age ( Fig 5A) . 
227
Another interesting interaction between components of microbiota was the negative 228 correlation among Enterobacteriales and Lactobacillales. Likewise, according to these analyses, 229 the BW at d21 positively impacted BW at d42, and negatively influenced the mortality rate at 230 both ages. A strong positive correlation between the cecal Lactobacillales population and BW 231 (R=0.94, p=0.048; Fig 5B) at 21d was observed. At the same age, Lactobacillales' relative 232 abundance was negatively associated with the mortality rate (R=-0.93, p=0.007). These results 233 indicate that a higher population of Lactobacillales in the ceca may be a marker of better 234 performance for young broilers (21 days of age).
235
Similar associations were found within the Clostridiales population, which was 236 negatively related to BW (R=-0.89, p=0.01; Fig 5C) and positively associated with mortality by 237 21 days of age. Interestingly, the greatest correlation was only identified at an earlier age. 
305
The results presented here are evidence that supplementation of specific probiotics 306 mixtures, particularly seen with SYNBIO, can modulate the microbiota that colonizes the gut 307 shortly after hatch, thereby influencing the performance and survival of chicks during their 308 growth. Unlike the grower phase, the supplementation of probiotics did not affect the 309 performance or cecal profile by 42d. It is worth highlighting that these chickens were under 310 experimental conditions without a pathogen challenge or stress induction. It would be interesting 311 for future studies to evaluate the tested probiotic formulations under challenge conditions to 312 determine if the ongoing administration is necessary to affect microbiota profile and 313 performance.
314
In conclusion, this study illustrated that not all probiotic-based formulations modulated 315 the ceca microbiota to a similar extent, nor resulted in improved performance. The population of 316 Lactobacillales was identified to be strongly associated with lower Enterobacteriales, higher BW, 317 and lower mortality of growing broilers. Accordingly, the selection of probiotic mixture by their 318 ability to drive cecal microbiota towards LAB colonization may be a strategic approach to 319 improve the indicators of performance in broiler chickens.
